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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S248bearing femur and tibia. For the medial and lateral analysis, division was
per the MRI Osteoarthritis Knee Score (MOAKS) (a line extending cra-
nially/caudally from the lateral edge of the femoral notch, and for the
patella to a point just lateral to thepatellar apex). (Fig.1) Pain.Weused the
WOMAC pain sub-scale and deﬁned the primary outcome of knee pain
dichotomously as moderate to severe pain (scores 2–4) on any of the 3
weight-bearing (WB)WOMAC pain questions (pain onwalking, climbing
stairs, standing), acquired at the same baseline OAI visit as the MRI scans.
Individual questions and the composite WB pain score were tested for
their associationwithBML volumeusing theWilcoxon rank sum test. Chi-
square tests were used to compare the medial and lateral PFJ for the
number of subjects (%) with BML, and BML volume (Wilcoxon rank sum).
Results: The samplewas 84%white, 52%male andwere 90% K–L grade 2
and 3. Subjects with weight-bearing knee pain had greater median BML
volume than those without weight-bearing knee pain for the weight-
bearing femur, trochlea femoris and patella, PFJ, but not the tibia. In the
examination of each speciﬁc weight-bearing item, we found an asso-
ciation with greater BML volume and pain during stair-climbing for
both the femur, tibia, tibiofemoral and patellofemoral joints, with the
difference the greatest in the patellofemoral joint (Table 1).With respect
to the distribution of BMLs in the PFJ, prevalence was slightly higher
medially, and median BML size was larger (Table 2).
Conclusion: This cross-sectional study in a sample of baseline OAI sub-
jects provides evidence for a strong relationship between stair-climbing
pain and BML volume in knee OA, particularly in the PFJ. Further, PFJ BML
volume is at least as prevalent medially as laterally. PFJ BML volume may
help explainmedial PFJ pain andhave implications for the role of PFJ inOA
and be a potential treatment target. Further work on the longitudinal
relationship between PFJ BML volume and pain is underway.
Fig. 1. a Patellar subregions M-medial L-lateral; 1b – division between
trochlea and WB femur.Table 1
Associations of stair-climbing pain* with median BML volumes
BML volume No Stair Pain (n ¼ 58) Stair Pain (n ¼ 57) p-valuey
Tibiofemoral 252 mm3 745 mm3 0.01
Patellofe moral 44 mm3 338 mm3 0.01
Femur (weight-bearing) 0 mm3 213 mm3 0.02
Tibia 141 m3 380 mm3 0.03yWilcoxon rank sum test of the differences in medians across pain
categories
*There was no statistically signiﬁcant relationship with BML volume
and walk/stand painTable 2
Prevalence and Volume of BML by PFJ compartment
Sub-region % With BML in sub-region Median BML size (mm3)
Medial patella 46 206
Lateral patella 44 285
p-value 0.23 0.41
Medial trochlea 29 424
Lateral trochlea 26 109
p-value 0.01 0.00
Madial PFJ – 451
Lateral PFJ – 279
p-value 0.21441
LONGITUDINAL ANALYSIS OF THE SHAPE CHANGES OF THE KNEE IN
PATIENTS WITH ANTERIOR CRUCIATE LIGAMENT INJURIES
V. Pedoia, D. Lansdown, M. Zaid, P. Jung, C. Ma, X. Li. UCSF, San Francisco,
CA, USA
Purpose: There has been recent interest as to the role of bone shape in
the development of osteoarthritis. Injury of the anterior cruciate liga-
ment (ACL) is clearly linked to early osteoarthritis. The aim of this study
is to analyze the longitudinal shape changes of the tibia and femur in
patients with ACL injuries using a novel MR-based statistical shape
modeling algorithm. We hypothesized that distinct shape changes are
present following ACL injury.
Methods: Bilateral knees were scanned using a 3 Tesla MRI scanner (GE
Healthcare) with an 8-channel phased array knee coil (Invivo Inc) for 15
patients (29.3 yrs, 5 female) with ACL injuries prior to surgical recon-
struction, and at 6 and 12 months after surgical reconstruction. Ten
controls (30.5 yrs, 3 female) with no history of knee injuries underwent
MR imaging at a baseline point and a second scan 12 months later. The
imaging protocol included sagittal T2 fast spin-echo (FSE) images with
TR/TE ¼ 4000/49.3 ms, slice thickness of 1.5 mm, slice spacing of 1.5
mm, pixel size of 0.39 by 0.39 mm. The tibia and femur were segmented
semi automatically to obtain a 3D surface for each bone. The Statistical
Shape Model (SSM) method is applied to describe the shape. The
method is based on Principal Component Analysis (PCA) for the 3D
coordinates of a set of matched vertices on each surface. Each bone
surface is described by a set of modes, with each set comprised of a
group of coefﬁcients. The ﬁrst 20 modes were analyzed to detect for
longitudinal shape changes in the ACL-injured knees in the ﬁrst 6 and
12 months. The difference in mode values between baseline, 6-month
follow-up and 12 month follow-up were compared to the changes in
the control knees from baseline to 12 months. Unpaired t-tests were
used to compare longitudinal changes in ACL-injured and control knees,
with signiﬁcance set at alpha less than 0.05. Due to the orthogonal
nature of the SSM basis description, we can change the values of a single
mode and observe the deformation of the vertices starting from a mean
shape in our dataset. This method allows for the identiﬁcation of the
speciﬁc shape feature which is described in each mode. The physical
meaning of the signiﬁcant modes is investigated by changing the value
of each mode from the mean to the mean  3 standard deviations.
Three-dimensional colored meshes are constructed according to the
anterior-posterior, medial-lateral, and superior-inferior directions to
interpret the magnitude of displacement and to understand the phys-
ical meaning to the values of each speciﬁc mode.
Results: The variation of Mode 10 for the tibia in the control group from
baseline to 12 months has mean and standard deviation in the 10
controls equal to 11.68  22.18, which is signiﬁcantly different from
the variation of the same mode in the injured group from baseline to 12
months (19.46  28.83). The change occurs primarily in the second 6Fig. 1. Posterior to anterior (a), medial to lateral (b) and inferior to
superior (c) displacement in millimeters of the mesh vertices changing
the value of the tibia 10th mode from the mean to mean - 3std; posterior
to anterior (d), medial to lateral (e) and superior to inferior (f) displace-
ment in millimeters of the mesh vertices changing the value of the tibia
12th mode from the mean to mean - 3std.
Fig. 1. Representative sagittal T1p image of the medial side of the knee
showing the different zones of meniscus.
Fig. 2. T1r changed with loading in the global posterior horn medial
meniscus for control and OA groups. # signiﬁes 0.1 >P > 0.05.
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33.31, which is signiﬁcantly different as well. The variation of the same
mode in the ﬁrst 6 months is not signiﬁcantly different (1.29  22.18).
The 12th mode for the femur in the control group from baseline to 12
months was -4.85  17.79. The variation of the same mode in the
injured group is signiﬁcantly different from baseline to 6 months (15.28
 28.67) and from baseline to 12months (21.67 21.86). In this case the
change occurs more in the ﬁrst 6 months. Figure 1 (a–c) shows the
posterior to anterior, medial to lateral and superior to inferior dis-
placements of the vertices when the 10th mode of the tibia is changed
from the mean value to mean -3std. An expansion and elevation of the
lateral tibia plateau is observed in this mode when the values decrease,
corresponding to the change observed in the injured patients. The same
analysis was performed for the mode 12th of the femur (Fig. 1, d–f). In
this case a decrease of the mode value is related to a ﬂattening of the
lateral femoral condyle.
Conclusion: In this study the longitudinal femur and tibia shape change
in ACL patient are analyzed using a novel, MR-based SSM methodology.
The observed change in this group of expansion and elevation of the
lateral tibial plateau is similar to previously observed radiographic
changes in patients with osteoarthritis. Signiﬁcant differences are also
observed in the shape of the lateral femoral condyle following ACL
injury. This novel methodology may allow for better understanding
regarding the observed changes in bone related to the development of
post-traumatic osteoarthritis.
Acknowledgment: Funding for this study from NIH/NIAMS P50
AR060752.
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MEDIAL MENISCUS POSTERIOR HORN ZONES SHOW DIFFERING
RESPONSES TO STATIC LOADING IN SUBJECTS WITH KNEE
OSTEOARTHRITIS COMPARED TO CONTROLS
N.E. Calixto, D. Kumar, K. Subburaj, J. Singh, J. Schooler, L. Nardo,
R.B. Souza, T.M. Link, X. Li, S. Majumdar. Univ. of California, San
Francisco, San Francisco, CA, USA
Purpose: Tears of the posterior horn of the medial meniscus are
extremely common in peoplewith knee osteoarthritis (OA) and can lead
to further cartilage degeneration. The purpose of the study was to
investigate the response of the T1rMR relaxation times of the posterior
horn of the medial meniscus to static loading in individuals with and
without radiographic knee OA.
Methods: Baseline data from 124 subjects were able to be used from a
longitudinal Cartilage Loading in Osteoarthitis and Controls (CLOC)
study. Subjects older than 35 years, with knee OA (Kellgren–Lawrence
[KL]> 1, n¼ 39, 25 females,14males, Age¼ 56.7 9.2 years, BMI¼ 25.2
 3.8 kg/m2) and without OA (KL < 2, n ¼ 85, 50 females, 35 males, Age
¼ 49.6  9.3 years, BMI ¼ 24.0  3.4 kg/m2) were recruited from the
community. All subjects underwent 3.0 Tesla MRI of the extended knee
unloaded and with a load equal to 50% of the body mass applied to the
foot. The loading condition was to simulate weight-bearing during
standing. The MR sequences for the unloaded and loaded portions
included a 3-D sagittal high resolution T2-weighted fat-saturated fast
spin echo (3D FSE Cube) isotropic sequence and a 3-D T1r mapping
sequence (TR/TE ¼ 9/2.6 ms, recovery time ¼ 1.5 s, ﬂip angle ¼ 60, ﬁeld
of view ¼ 14 cm, matrix ¼ 256  128, Slice Thickness ¼ 4 mm, band-
width¼ 62.5 kHz, time of spin-lock (TSL)¼ 0/2/4/8/12/20/40/80 ms, FSL
¼ 500 Hz, acquisition time ¼ 11 min). Prospective registrationwas used
to ensure same ﬁeld of view between unloaded and loaded conditions.
A modiﬁed Whole-Organ MR Score (mWORMS) was used to grade
meniscus pathologies. The posterior horn of the medial meniscus was
manually segmented on the 3D FSE Cube images and automatically
divided into outer, middle, and inner thirds (Fig. 1) by automated, in-
house software. T1r relaxation times were calculated for the entire
posterior horn medial meniscus, and for the outer, middle, and inner
zones of the posterior horn. Stringent quality control was implemented
for all images. A multivariate ANOVA adjusting for age, gender, and BMI
was used to compare response to loading in the whole-compartment
and zonal T1r times for the 2 groups. Student’s t-tests were used to
assess differences in unloaded T1r times between the 2 groups, and the
differences in T1r times between the unloaded and loaded conditions in
the OA and control groups.
Results: Tears of the medial meniscus posterior horn were more
prevalent in OA individuals (n¼ 19, 48.7%) than in healthy controls (n¼
7, 8.2%; c2 [1, n ¼ 124)] ¼ 26.44, p < 0.0001). A signiﬁcant Group Condition interactionwas observed in the whole medial posterior horn;
an increase in T1r times due to loading was observed in the Control
group, while a decrease due to loading was observed in the OA group
(Fig. 2; DT1r in Control ¼ þ1.1%, DT1r in OA ¼ 6.7%; p ¼ 0.0095). Zonal
analysis revealed that this Group x Condition interactionwas signiﬁcant
in all three zones of the medial posterior horn (Fig. 3; in outer zone:
DT1r in Control ¼ þ2.9%, DT1r in OA¼ 8.9%, p ¼ 0.0039. In middle
zone: DT1r in Control ¼ þ1.0%, DT1r in OA ¼ 8.5%, p ¼ 0.0002. In inner
zone: DT1r in Control ¼ 0.17%, DT1r in OA ¼ 8.7%, p ¼ 0.0109). In the
unloaded condition, the OA group had higher T1r times in the outer and
middle zones (Fig. 3; in outer zone: p ¼ 0.0292; in middle zone: p ¼
0.0133); and the differences in whole-compartment posterior horn
medial meniscus were close to signiﬁcance (p ¼ 0.0732). The change in
whole-compartment and zonal T1r relaxation times with loading was
not signiﬁcant in the control or the OA group (p > 0.05).
Conclusions: In our cohort, tears of the medial meniscus posterior horn
were more common in subjects with OA than in controls, a result
consistent with the literature and our previous work. These results
show that the posterior horn of the medial meniscus shows different
responses to loading in subjects with and without radiographic knee
OA. While the control group showed a minimal increase in T1r times
with loading, the OA group showed a decrease. These differences could
be related to reduced mobility of water in the OA cartilage, leading to
inability to generate hoop stresses and resist loading. Inability to resist
external loads appropriately could overload the underlying cartilage
and lead to further OA progression. We have also found that zonal
analysis of T1r can provide further insight into the integrity of the
meniscus. Our data show that the outer zone of the posterior horn of the
medial meniscus experiences the greatest percentage change in T1r
with loading in both OA and control individuals. Further study is needed
